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1
SEMICONDUCTOR DEVICE HAVING
COMPLEMENTARY BIT LINE PAIR

This application is a Continuation application of U.S.
application Ser. No. 13/360,394 filed Jan. 27, 2012, which
claims the benefit of priority of Japanese Patent Application
No. 2011-019134, filed Jan. 31, 2011, the disclosures of
which are incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
having a configuration in which a signal voltage of'a comple-
mentary bit line pair is amplified by a sense amplifier.

2. Description of Related Art

In semiconductor devices of recent years such as DRAM,
operating voltages of a memory cell array have been lowered
with a reduction in manufacturing scale. This causes a prob-
lem that when a signal voltage transmitted from a memory
cell through a bit line is amplified by a sense amplifier in a
read operation of a semiconductor device, sufficient sensing
margin cannot be obtained. Thus, techniques for improving
the sensing margin in the read operation have been proposed,
in which dummy cells having the same structure as memory
cells or dummy cells having a structure of a metallic capaci-
tance element in the memory cell array are provided (for
example, see Patent References 1 to 4).

For example, Patent Reference 1 discloses a technique in
which all dummy cells connected to a bit line are brought into
a selected state in a bit line equalizing operation, and after
temporarily setting all the dummy cells into a non-selected
state prior to a read operation, dummy cells on the side of a
non-selected bit line are subsequently selected simulta-
neously with selected memory cells. Further, for example,
Patent Reference 2 discloses a technique in which dummy
cells on the side of a non-selected bit line are controlled in
both an amplification operation and a bit line equalizing
operation so that capacitances of a bit line pair become equal
to each other. Further, for example, Patent Reference 3 dis-
closes a technique in which memory cells and dummy cells on
a non-selected bit line are selected simultaneously and there-
after the both cells are brought into a non-selected state and
are disconnected from a bit line pair so that capacitances of
the bit line pair become equal to each other in an amplification
operation, and only memory cells selected after the amplifi-
cation operation are selected again. Further, for example,
Patent Reference 4 discloses a technique in which when acti-
vating a word line, a dummy word line connected to a bit line
via a capacitance is driven by a predetermined driving
method.

[Patent Reference 1] Japanese Patent Application Laid-open

No. H7-153258
[Patent Reference 2] Japanese Patent Application Laid-open

No. H9-82084
[Patent Reference 3] Japanese Patent Application Laid-open

No. H11-149785 (U.S. Pat. Nos. 6,023,438 and 6,288,961)
[Patent Reference 4] Japanese Patent Application Laid-open

No. H7-201199

However, even when applying the above techniques to the
memory cell array, it is insufficient to improve the sensing
margin in the read operation. That is, in the technique of
Patent Reference 1, an increase in consumption current is
inevitable when potentials of all dummy word lines are tem-
porarily lowered. The increase in consumption current brings
noise to the sense amplifier. Further, since the capacitances of
the bit line pair are not balanced when a restoring operation
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2

after the read operation is finished, there is a risk that an
equalizing potential that should be stabilized to VDD/2 devi-
ates from VDD/2. Further, in the techniques of Patent Refer-
ences 2 and 3, potentials of the dummy cells deviate from
VDD/2 in a situation where current leak occurs in the dummy
cells, which causes noise to occur in the read operation and
thereby the sensing margin is reduced. In order to deal with
this problem, Patent Reference 2 also discloses a configura-
tion (a transistor and a control signal) for arbitrarily setting
the potentials of the dummy cells. However, this configura-
tion inevitably requires an increase in area of the dummy
cells, and additionally there arises a problem that the capaci-
tance balance is lost due to a difference in structure between
the dummy cells and the memory cells. Further, in the tech-
nique of Patent Reference 3, since the amplification operation
is started after allowing the memory cells and the dummy
cells to be in a non-selected state temporarily, there arise
problems of a decrease in reading speed and an increase in
consumption current. Meanwhile, in the technique of Patent
Reference 4, since each memory cell is controlled to be in the
selected state and each dummy cell is controlled to be in the
non-selected state respectively at the same timing in the read
operation, electric charge supplied from the memory cell to
the bit line flows into the dummy cell, which reduces the
signal voltage of the bit line so as to decrease the sensing
margin.

SUMMARY

A semiconductor device according to an embodiment of
the disclosure comprises: first and second bit lines forming a
complementary pair; a first memory cell connected to the first
bit line; a second memory cell connected to the second bit
line; a first dummy cell connected to the first bit line, the first
dummy cell having a same structure as the first memory cell;
a second dummy cell connected to the second bit line, the
second dummy cell having a same structure as the second
memory cell; a sense amplifier amplifying a difference in
potential between the first and second bit lines; an equalizing
circuit equalizing potentials of the first and second bit lines to
which the first and second dummy cells are connected, the
first and second bit lines having potentials opposite to each
other and the first and second dummy cells having potentials
opposite to each other; and a control circuit controlling the
first and second memory cells, the first and second dummy
cells, the sense amplifier, and the equalizing circuit, wherein
the control circuit performs an operation in which, in a first
period as abit line equalization period, first and second poten-
tials opposite to each other corresponding to data amplified
by the sense amplifier are stored into the first and second
dummy cells respectively, in a state where the first and second
memory cells are electrically disconnected from the first and
second bit lines and the first and second dummy cells are
electrically connected to the corresponding first and second
bit lines, and subsequently the sense amplifier is inactivated
while the equalizing circuit is activated so that the first and
second bit lines having the first and second potentials are
equalized together with the first and second dummy cells
having the first and second potentials, and when accessing the
first memory cell, in a second period, the equalizing circuit is
inactivated, in a third period subsequent to the second period,
the first dummy cell is electrically disconnected from the first
bit line in a state where the second dummy cell and the second
bit line continue to be electrically connected to each other,
and subsequently the first memory cell is electrically con-
nected to the first bit line, and in a fourth period subsequent to
the third period, the sense amplifier is activated so that the first
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bit line is set to the first potential corresponding to data of the
first memory cell and the second bit line and the second
dummy cell are set to the second potential.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a schematic configuration of
an embodiment of the invention;

FIG. 2 is a block diagram showing an entire configuration
of a DRAM of an embodiment;

FIG. 3 is a diagram showing a configuration of a primary
part of a memory cell array 10 of FIG. 2;

FIG. 4 is a diagram showing operation waveforms when
reading data “1” stored in a memory cell MCL in the configu-
ration of FIG. 3;

FIG. 5 is a diagram showing operation waveforms when
reading data “1” stored in the memory cell MCL regarding
potential transitions of a node NL of the memory cell MCL
and nodes DL and DR of dummy cells DCL and DCR;

FIG. 6 is a diagram showing operation waveforms when
reading out data “0” stored in the memory cell MCL regard-
ing potential transitions of the node NL of the memory cell
MCL and the nodes DL and DR of the dummy cells DCL and
DCR; and

FIG. 7 is a diagram showing a modification of the memory
cell array 10 of the embodiments shown in FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

It is apparent that the present invention is not limited to
embodiments described below, but should be construed based
on the disclosure of the claims.

As shown in FIG. 1, an embodiment of the invention is a
semiconductor device comprising a pair of bit lines BL.1 and
BL2 forming a complementary pair, a memory cell MC1 and
a dummy cell DC1 that belong to one bit line BL1, a memory
cell MC2 and a dummy cell DC2 that belong to the other bit
line BL2, a sense amplifier SA amplifying a difference in
potential between the pair of bit lines BL.1 and BL.2, and an
equalizing circuit EC equalizing the pair of bit lines BL.1 and
BL2.In the semiconductor device, all the memory cells MC1,
MC2 and the dummy cells DC1, DC2 have the same struc-
ture. Each of the memory cells MC1, MC2 and the dummy
cells DC1, DC2 is composed of one selection transistor and
one capacitor that stores data. In FIG. 1, although either one
of memory cells MC1 and MC2 belongs to each of the bit
lines BLL1 and BL.2 for the simplicity, a plurality of memory
cells MC1 and MC2 actually belong to each of the bit lines
BL1 and BL2.

In an equalizing operation of the bit lines BL.1 and BL2 in
the configuration of FIG. 1, the memory cells MC1 and MC2
are electrically disconnected from the bit lines BL.1 and BL.2
by inactivating word lines WL.1 and WL2, the dummy cells
DC1 and DC2 are electrically connected to the bit lines BL.1
and BL2 by activating dummy word lines DWL1 and DWL2,
and the sense amplifier SA is maintained in an active state.
Thereby, data that has been amplified by the sense amplifier
SA before the equalizing operation is written into the dummy
cells DC1 and DC2. Two pieces of data (electric charge)
written into the dummy cells DC1 and DC2 are reverse to
each other. Thereafter, the pair of bit lines BL.1 and BL2 are
equalized together with the dummy cells DC1 and DC2 by
inactivating the sense amplifier SA and activating the equal-
izing circuit EC. Thereafter, when the equalizing circuit EC is
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inactivated prior to accessing the memory cell MC1, the bit
lines BL.1 and BL2 being maintained at an equalizing poten-
tial becomes floating.

When the memory cell MC1 on the bit line BL1 is
accessed, the dummy word line DWL1 is inactivated (low
level) first, and the dummy cell DC1 is electrically discon-
nected from the bit line BL1. At this point, due to coupling
noise received from the dummy word line DWL1 (in which
coupling noise between a gate electrode of a transistor of the
dummy cell DC1 and a source electrode connected to the bit
line BL1 is dominant), the potential of the bit line BL1
slightly drops from the equalizing potential. Thereafter, the
memory cell MC1 is connected to the bit line BL1 by acti-
vating the word line WL1 (high level). At this point, due to
coupling noise received from the word line WL1 (in which
coupling noise between a gate electrode of a transistor of the
memory cell MC1 and a source electrode connected to the bit
line BL.1 is dominant), the potential of the bitline BL1 returns
to the equalizing potential. In this manner, the coupling noise
between the word line WL1 and the dummy word line DWL1
can be cancelled in relation to the bit line BL1. This is because
the memory cell MC1 and the dummy cell DC1 have the same
structure as each other. Thereafter, when the sense amplifier
SA is activated, its amplification operation can be performed
in a state where capacitances of the pair of bit lines BL.1 and
BL2 are balanced, thereby improving sensing margin. In
detail, since the dummy word line DWL1 is inactivated so that
the dummy cell DC1 is electrically disconnected from the bit
line BL1, charge sharing is performed between electric
charge supplied from the memory cell MC1 to the bit line
BL1 and electric charge of the bit line BL.1. Thus, a difference
in potential between the bit lines BL.1 and BL.2 that indicates
a difference between charge amounts thereof is amplified by
the sense amplifier SA. In a comparison example in which the
dummy word line DWL1 is inactivated and the word line
WL1 is activated simultaneously, so as to be brought into a
skew state, the charge sharing is performed between electric
charge of the memory cell MC1 and electric charge of the bit
line BL1 and the dummy cell DC1, and therefore the corre-
sponding difference in potential between the bit lines BL1
and BL2 is reduced.

Further, after the memory cell MC1 to be accessed is read
out and restored by the sense amplifier SA, the memory cell
MC1 is electrically disconnected from the bit line BL.1 by
inactivating the word line WL1. Subsequently, the dummy
cell DC1 is electrically connected to the bit line BL1 again by
activating the dummy word line DWL1 again, and thereafter
controls for inactivating the sense amplifier SA and activating
the equalizing circuit EC are performed. That is, the equaliz-
ing operation is performed in a state where the dummy cells
DC1 and DC2 are electrically connected to the corresponding
bit lines BL.1 and BL2. In detail, for example, the dummy cell
DC1 has a charge amount of HIGH in the same manner as the
bit line BL1 whose potential is amplified to HIGH, while the
dummy cell DC2 has a charge amount of LOW in the same
manner as the bit line BL.2 whose potential is amplified to
LOW. In this state, charge sharing is performed by the equal-
izing circuit EC between electric charge of the bit line BL.1
and the dummy cell DC1 and electric charge of the bit line
BL2 and the dummy cell DC2. Thus, each of potentials of the
bit lines BL1 and BL after the charge sharing returns to an
ideal level corresponding to half charge amount. In addition,
when the memory cell MC2 on the other bit line BL2 is
accessed instead of the memory cell MC1 on the one bit line
BL1, the above-described operation can be assumed in the
same manner and a configuration laterally symmetrical to that
in FIG. 1 may be considered.
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Further embodiments will be described in the followings.
FIG. 2 is a block diagram showing an entire configuration of
a DRAM (Dynamic Random Access Memory) as a semicon-
ductor device of an embodiment. The DRAM shown in FIG.
2 is provided with a memory cell array 10 including a large
number of memory cells MC arranged at intersections of a
plurality of word lines WL and a plurality of bit lines BL, and
row circuits 11 and column circuits 12 that are attached to the
memory cell array 10. The row circuits 11 includes a plurality
of circuits provided corresponding to the plurality of word
lines WL, and the column circuits 12 includes a plurality of
circuits including sense amplifiers SA provided correspond-
ing to the plurality of bit lines BL. In addition, the memory
cell array 10 includes a plurality of dummy word lines DWL
and a plurality of dummy cells DC that correspond to the
plurality of word lines WL and a plurality of memory cells
MC, which will be described in detail later.

An externally received address includes a row address and
a column address. The row address is stored in a row address
buffer 13 and sent to the row circuits 11. The column address
is stored in a column address buffer 14 and sent to the column
circuits 12. Data transfer between the column circuits 12 and
adata buffer 16 is controlled by an input/output control circuit
15, and the data is transferred from/to outside via input/output
data terminals (DQ).

A command decoder 17 determines a command for the
DRAM based on externally received control signals and
sends the command to a control circuit 18. The control circuit
18 controls operations of respective parts of the DRAM
according to a command type determined by the command
decoder 17. Command types include, for example, an active
command for activating the memory cell array 10, read and
write commands for reading and writing data of the activated
memory cell array 10, and a precharge command for inacti-
vating the memory cell array 10. The active command and the
precharge command are associated with controls of the word
lines WL, the dummy word lines DWL and the sense ampli-
fiers SA. The read command and the write command enable
data transfer between the memory cells MC and the data
buffer 16 via the sense amplifiers SA. Operation control of the
control circuit 18 is performed in conjunction with an internal
clock (not shown). A mode register 19 selectively sets opera-
tion modes of the DRAM based on the above address and
sends setting information to the control circuit 18. In the
embodiments, the control circuit 18 controls operations of the
memory cells MC of the memory cell array 10, the sense
amplifiers SA, the equalizing circuit EC, and the like, in an
operation of the memory cell array 10 associated with the
commands, as described later.

Next, FIG. 3 shows a configuration of a primary part of the
memory cell array 10 of FIG. 2. In FIG. 3, there are provided
a sense amplifier SA arranged at the center, a bit line BL, a
word line WLL, a dummy word line DWL, a memory cell
MCL and a dummy cell DCL that are respectively arranged
on a left side of the sense amplifier SA, a bit line /BL, a word
line WLR, a dummy word line DWLR, a memory cell MCR
and a dummy cell DCR that are respectively arranged on a
right side of the sense amplifier SA, and an equalizing NMOS
transistor Q1 connected to a pair of bit lines BL. and /BL.

The pair of bitlines BL. and /BL. form a complementary pair
and are connected to two input terminals of the sense ampli-
fier SA of a differential type. The memory cell MCL (the first
memory cell) is arranged at an intersection of the bit line BL,
(the first bit line) and the word line WLL on the left, and the
memory cell MCR (the second memory cell) is arranged at an
intersection of the bit line /BL (the second bit line) and the
word line WLR on the right. Each of the memory cells MCL
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and MCR is a 1T1C type memory cell composed of a selec-
tion NMOS transistor Qs (Qs0, Qs1) and a capacitor Cs (Cs0,
Cs1) that stores data as electric charge. Further, the dummy
cell DCL (the first dummy cell) is arranged at an intersection
of'thebitline BL. and the dummy word line DWLL on the left,
and the dummy cell DCR (the second dummy cell) is
arranged at an intersection of the bit line /BL and the dummy
word line DWLR on the right. Each of the dummy cells DCL
and DCR is a 1T1C type memory cell composed of a selection
NMOS transistor Qs (Qs2, Qs3) and a capacitor Cs (Cs2,Cs3)
that stores data as electric charge.

All of the memory cells MCL, MCR and the dummy cells
DCL, DCR have the same structure. Gates of the selection
MOS transistors Qs0, Qs1, Qs2 and Qs3 are connected to the
word lines WLL, WLR and the dummy word lines DWLL,
DWLR, in this order. Sources of the selection MOS transis-
tors Qs0 and Qs2 are connected to the bit line BL,, and sources
of' the selection MOS transistors Qs1 and Qs3 are connected
to the bit line /BL. Each of the capacitors Cs0, Cs1, Cs2 and
Cs3 has one electrode (plate electrode) to which a plate poten-
tial VPLT is commonly applied and the other electrode (stor-
age node) represented as nodes NL, NR, DL and DR which is
connected to a drain of the selection MOS transistor Qs.

FIG. 3 shown only one memory cell MCL and one memory
cell MCR for the simplicity. However, there are actually
provided a plurality of memory cells MCL at intersections of
a plurality of word lines WLL and the bit line BL on the left,
and a plurality of memory cells MCR at intersections of a
plurality of word lines WLR and the bit line /BL on the right.
In addition, a parasitic capacitance Cb is attached to each of
the pair of bit lines BL. and /BL, as shown in FIG. 3.

The sense amplifier SA connected to the pair of bit lines BLL
and /BL is a differential amplifier that amplifies a difference
in potential between one bit line BL, and the other bit line BL.
to a power supply voltage VDD and a ground potential VSS.
Thus, when amplifying one of signal voltages of the pair of bit
lines BL. and /BL,, a potential of the other thereof is used as a
reference potential. Further, the equalizing NMOS transistor
Q1 connected to the pair of bit lines BLL and /BL functions as
an equalizing circuit, whose switching is controlled in
response to an equalizing control signal EQ applied to its
gate. When the equalizing control signal EQ is set to HIGH to
activate the equalizing circuit, the NMOS transistor Q1 turns
on so that the pair of bit lines BL and /BL are short-circuited,
and the respective potentials are equalized. Meanwhile, when
the equalizing control signal EQ is set to LOW to inactivate
the equalizing circuit, the NMOS transistor Q1 turns off so
that the pair of bit lines BL and /BL are electrically discon-
nected from each other.

Next, an operation of the memory cell array 10 of an
embodiment will be described. FIG. 4 shows operation wave-
forms when reading data “1” stored in the memory cell MCL
in the configuration of FIG. 3. In an initial period of FIG. 4 (an
equalization period prior to an equalization suspension period
T1: the first period), the equalizing control signal EQ is kept
at HIGH (positive voltage VPP), and the pair of bit lines BL.
and /BL are in a state of being short-circuited through the
equalizing NMOS transistor Q1 being ON, which have been
equalized to an equalizing potential HVDD. Here, the equal-
izing potential HVDD is set to an intermediate potential
between the power supply voltage VDD as a high level of the
bit lines BL. and /BL and the ground potential VSS as a low
level of the bit lines BL and /BL.

Further, in the initial period, both the dummy word lines
DWLL and DWLR are in a state of being driven to HIGH (the
positive voltage VPP) as a selected state. Thereby, one
dummy cell DCL is connected to the bitline BL, and the other
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dummy cell DCR is connected to the bit line /BL. In this case,
potentials of the nodes DL and DR of the dummy cells DCL
and DCR are maintained at the equalizing potential HVDD.
On the other hand, the word lines WLL and WLR on both
sides have been set to LOW (negative voltage VKK) as a
non-selected state. Thus, the memory cells MCL and MCR
are not connected to the bit lines BL and /BL.

In the equalization suspension period T1 (the second
period), the equalizing control signal EQ is set to LOW (the
ground potential VSS) as a non-active state, and the equaliz-
ing NMOS transistor Q1 turns off so that the pair of bit lines
BL and /BL are disconnected from each other. Therefore, the
pair of bitlines BL and /BL. become floating in a state of being
maintained at the equalizing potential HVDD respectively.

Subsequently, in a memory cell selection period T2 (the
third period), one dummy word line DWLL is set to LOW (the
negative voltage VKK) as a non-selected state, and the
dummy cell DCL is electrically disconnected from the bitline
BL. As shown in FIG. 4, the potential of the bit line BL
slightly drops from the equalizing potential HVDD due to
influence of coupling noise from the dummy word line
DWLL to the bit line BL (coupling between the gate and
source). On the other hand, the other dummy word line
DWLR is kept at HIGH (the positive voltage VPP) as a
selected state, the dummy cell DCR continues to be con-
nected to the bit line /BL. Thereafter, one word line WLL is
driven to HIGH (the positive voltage VPP) as a selected state.
Thereby, the memory cell MCL is connected to the bit line
BL, and a signal voltage of a predetermined level correspond-
ing to data “1” is read out to the bit line BL.. In addition, the
other word line WLR and the corresponding memory cell
MCR remain in an original state. At this point, the potential of
the bit line BL is returning to the equalizing potential HVDD
due to influence of coupling noise from the word line WLL to
the bit line BL. (coupling between the gate and source), and in
parallel the signal voltage of the predetermined level corre-
sponding to data “1” is read out to the bit line BL. That is,
potential fluctuation due to the coupling noise of the dummy
word line DWLL is cancelled by potential fluctuation due to
the coupling noise of the word line WLL. In the embodi-
ments, the dummy word line DWLL is set to LOW first so as
to bring the dummy cell DCL into the non-selected state in the
memory cell selection period T2, and thereafter the word line
WLL is set to HIGH so as to bring the memory cell MCL into
the selected state. Therefore, it is possible to effectively pre-
vent the level of the read signal from decreasing due to the
electric charge flowing into the dummy cell DCL.

In an amplification period T3 (the fourth period), a sense
amplifier activation period is started so that the sense ampli-
fier SA is activated, which senses and amplifies the pair of bit
lines BL. and /BL. As a result, the potential of the bit line BL.
rises to the power supply voltage VDD corresponding to data
“17, and the potential of the bit line /BL drops to the ground
potential VSS corresponding to data “0”. At this point, the
memory cell MCL is connected to one bit line BL. while the
dummy cell DCR is connected to the other bit line /BL, and
therefore respective capacitances viewed from the two input
terminals of the sense amplifier SA are equal to each other.
That is, two loads in the operation of the sense amplifier SA
are balanced, so as to avoid unbalance state therebetween.
Thus, itis possible to suppress a decrease in sensing margin of
the sense amplifier SA.

In a restoring period T4 (the fifth period), high-level data
(the power supply voltage VDD) corresponding to data “1” is
restored into the memory cell MCL. Then, the word line WLL
returns to LOW (the negative voltage VKK) as a non-selected
state, and the memory cell MCL is disconnected from the bit
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line BL. Meanwhile, since the dummy word line DWLR is
kept at HIGH, the dummy cell DCR continues to be con-
nected to the bit line /BL, in a state where the potential of the
node DR is driven to the ground potential VSS.

In an equalization period T5 (the first and sixth periods),
the dummy word line DWLL is driven to HIGH as the
selected state again, and the dummy cell DCL is connected to
the bit line BL again. Since the sense amplifier SA is in an
active state at this point, the capacitor Cs2 of the dummy cell
DCL is charged from HVDD-a to the power supply voltage
VDD at the node DL. The a indicates an amount of a decrease
in potential of the node DL of the dummy cell DCL due to the
influence of the coupling noise in the dummy cell DCL when
the dummy word line DWLL is set to LOW as the non-
selected state in the memory cell selection period T2. In this
manner, the memory cell MCL is brought into the non-se-
lected state by setting the word line WLL to LOW first, and
thereafter the dummy cell DCL is brought into the selected
state again by setting the dummy word line DWLL to HIGH.
Therefore, it is possible to prevent a decrease in charge
amount in a restoring operation in which, for example, the
high-level data (data “17) is read out from the memory cell
MCL and subsequently the high-level data is restored into the
memory cell MCL. Specifically, the high-level data is
restored into the memory cell MCL first, the word line WLL
is set to LOW so as to disconnect the memory cell MCL from
the bit line BL, and thereafter, by selecting the dummy cell
DCL storing HVDD-a at the node DL. Therefore, it is pos-
sible to suppress a decrease in potential of the high level of the
bit line BL. due to the electric charge flowing from the bit line
BL to the node DL, which corresponds to a decrease in charge
amount in restoring the high-level data into the memory cell
MCL. The decrease in charge amount occurs when setting the
dummy word line DWLL to HIGH before setting the word
line WLL to LOW.

Thereafter, the sense amplifier SA is brought into a non-
active state when the sense amplifier activation period fin-
ishes. Further, the equalizing control signal EQ is set to HIGH
(the positive voltage VPP) as an active state, and the equaliz-
ing NMOS transistor Q1 turns on so that one bit line BL. and
the other bit line /BL are equalized. At this point, the node DR
of'the capacitor Cs3 of the dummy cell DCR has been driven
to the ground potential VSS and is connected to the bit line
/BL. The node DL of the capacitor Cs2 of the dummy cell
DCL has been driven to the power supply voltage VDD and is
connected to the bitline BL. Therefore, capacitances of the bit
lines BL and /BL are equal to each other, including the
dummy cells DCL and DCR. Electric charge QBL=(Cs2+Cb)
VDD has been charged to one bit line BL, and electric charge/
QBL=(Cs2+Cb)VSS has been charged to the other bit line
/BL. Thus, potentials of the pair of bit lines BL. and /BL
converge to HVDD=VDDY/2 after the equalization period T5
finishes. When the dummy word line DWLL is set to HIGH
after the equalizing NMOS transistor Q1 turns on, the equal-
ization period T5 can be prolonged.

Here, FIG. 5 is a diagram showing potential transitions of
the node NL of the memory cell MCL (FIG. 3) and the nodes
DL and DR of the dummy cells DCL and DCR (FIG. 3),
which are overlapped with the operation waveforms shown in
FIG. 4. Here, the node NR of'the memory cell MCR is omitted
in FIG. 5 because it always remains in the non-selected state
in FIG. 3. The node NL of the memory cell MCL storing the
high-level data is maintained at the power supply voltage
VDD from the end of the equalization period T5 to the equal-
ization suspension period T1. Further, the dummy word lines
DWLL and DWLR have been driven to HIGH (the positive
voltage VPP) as the selected state, and the selection transis-
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tors Qs2 and QQs3 of the dummy cells DCL and DCR are in an
ON state. Therefore, the nodes DL and DR are maintained at
the bit line equalization voltage HVDD.

Subsequently, in the memory cell selection period T2, the
word line WLL is driven to HIGH (the positive voltage VPP)
as a selected state, and thus the memory cell MCL is selected
in which the selection transistor Qs0 turns on. Thereby,
charge sharing is performed between the node NL of the
memory cell MCL and the bit line BL,, and the potential of the
node NL drops to a potential of a read signal of the bit line BL,
(FIG. 4).

Subsequently, in the amplification period T3, the potential
of the node NL rises to the power supply voltage VDD in
conjunction with the amplified potential of the bit line BL. At
this point, the dummy word line DWLR has been set to HIGH,
as described above, and therefore the potential of the node DR
drops to the ground potential VSS in conjunction with the
amplified potential of the bit line /BL. On the other hand,
since the dummy word line DWLL has been set to LOW (the
negative voltage VKK) as a non-selected state, the potential
of the node DL continues to be maintained at HVDD-a.

Thereafter, in the equalization period T5 subsequent to the
restoring period T4, the dummy word line DWLL is driven to
HIGH as the selected state again so that the selection transis-
tor Qs2 turns on again. Therefore, the bit line BL, which has
been driven to the power supply voltage VDD by the sense
amplifier SA in the active state, allows the potential of the
node DL to rise to HIGH. Thereafter, when the sense ampli-
fier activation period starting from the start of the amplifica-
tion period T3 finishes, the sense amplifier SA is inactivated.
Subsequently, the equalizing control signal EQ is set to HIGH
(the positive voltage VPP) as an active state, and thus poten-
tials of the nodes DL and DR of the dummy cells DCL and
DCR converge to the equalizing potential HVDD in conjunc-
tion with the pair of bit lines BL. and /BL that converge to the
equalizing potential HVDD, as described above.

Although FIG. 5 shows the operation waveforms when
reading out the data ““1” stored in the memory cell MCL, FIG.
6 shows operation waveforms when reading out data “0”
stored in the memory cell MCL. In FIG. 6, behavior of each
operation waveform is common to that in FIG. 5, and the
operation waveforms of the nodes NI, DL and DR of FIG. 5§
may be assumed to be inverted with respect to the equalizing
potential HVDD, description of which will be omitted.

Next, a modification of the memory cell array 10 of the
embodiments will be described. FIG. 7 shows one of modi-
fications of the memory cell array 10 shown in FIG. 3. In this
modification, the configuration of the equalizing circuit is
different from FIG. 3, in which there are additionally pro-
vided two precharge NMOS transistors Q2 and Q3, in addi-
tion to the equalizing NMOS transistor Q1. The NMOS tran-
sistor Q2 functions as the first precharge circuit whose
switching is controlled in response to the equalizing control
signal EQ applied to its gate. The NMOS transistor Q3 func-
tions as the second precharge circuit whose switching is con-
trolled in response to the equalizing control signal EQ applied
to its gate. When the equalizing control signal EQ is HIGH,
both the NMOS transistors Q2 and Q3 turn on, and the equal-
izing potential HVDD is supplied to the pair of bit lines BL.
and /BL. When the equalizing control signal EQ is LOW, both
the NMOS transistors Q2 and Q3 turn off, and the equalizing
potential HVDD is stopped to be supplied to the pair of bit
lines BL and /BL.

The NMOS transistors Q2 and Q3 are used to prevent the
potentials of the pair of bit lines BL and /BL from deviating
from the equalizing potential HVDD to be maintained as a
precharge potential, due to leak current or the like. The
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NMOS transistors Q2 and Q3 are formed in sizes smaller than
the equalizing NMOS transistor Q1. Here, the memory cell
array 10 of the modification shown in FIG. 7 basically oper-
ates in the same manner as thatin FIGS. 4 to 6. Thus, when the
bit line equalizing operation is performed by the control cir-
cuit 18 that controls the word lines WLL, WLR and the
dummy word lines DWLL, DWLR, as described in the
embodiments, it is possible to reduce an area of the memory
cell array 10 since the precharge NMOS transistors Q2 and
Q3 formed in the small size do not generate noise.

Further, another modification of the memory cell array 10
of the embodiments can be configured, in which the equaliz-
ing NMOS transistor Q1 is removed from the equalizing
circuit shown in FIG. 7 and the equalizing circuit may be
configured only using the two precharge NMOS transistors
Q2 and Q3. In this configuration, if the capacitances of the
pair of bit lines BL. and /BL are equal to each other in the
equalization period, a charge amount transferred from the
equalizing potential HVDD to one bit line BL becomes equal
to a charge amount transferred from the other bit line /BL to
the equalizing potential HVDD. Therefore, the NMOS tran-
sistors Q2 and Q3 have substantially the same function as the
equalizing NMOS transistor Q1, and it is possible to prevent
a situation in which the pair of bit lines BL. and /BL. deviate
from the equalizing potential HVDD to be maintained as the
precharge potential. This modification can be applied to a
case in which it is difficult to lay out the equalizing NMOS
transistor Q1. In this case, the two precharge NMOS transis-
tors Q2 and Q3 are formed in sizes larger than those in the
configuration including the equalizing NMOS transistor Q1.

According to the embodiments, in a memory cell array
provided with dummy cells of the same structure as memory
cells, capacitances of a bit line pair (BL.1 and BL.2) connected
to a sense amplifier can be completely equal to each other, in
an amplification operation by the sense amplifier and in a bit
line equalizing operation. As a result, sensing margin in the
read operation of a memory cell can be improved, and the bit
line equalizing operation can be performed with a higher
speed by an equalizing circuit. In this case, when reading the
memory cell at a subsequent cycle, deviation of a reference
potential of the sense amplifier is reduced, and therefore it is
possible to reduce bit line noise. Meanwhile, in a read opera-
tion of a selected memory cell, it is possible to prevent a
reduction in potential of a read signal using a dummy cell on
a selected bit line, and in a restoring operation of the selected
memory cell, it is possible to prevent a reduction in charge
amount for writing the selected memory cell dueto a selection
operation of the dummy cell on the selected bit line. Further,
in a precharge period, it is possible to prevent a situation in
which the potential of the dummy cell deviates from the
equalizing potential due to leak current of the dummy cell.
Thereby, in the read operation, it is possible to prevent the
dummy cells from being a noise source. Furthermore, when
selecting the memory cell, electric charge supplied from the
memory cell to the bit line does not flow into the dummy cell,
thereby suppressing a reduction in the sensing margin.

In the foregoing, the preferred embodiments have been
described. However, the invention can variously be modified
without departing the essentials of the present invention. For
example, various circuit configurations can be employed for
circuit portions included in the memory cell array 10 without
being limited to the circuit configurations shown in the
embodiments, and both of a hierarchical bit line structure and
anon-hierarchical bit line structure can be employed. Further,
various circuit configurations can be also employed for circuit
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portions on the periphery of the memory cell array 10 (FIG. 2)
without being limited to the circuit configurations shown in
the embodiments.

The invention can be applied to various semiconductor
devices such as CPU (Central Processing Unit), MCU (Micro
Control Unit), DSP (Digital Signal Processor), ASIC (Appli-
cation Specific Integrated Circuit), ASSP (Application Spe-
cific Standard Product) and the like. Further, the invention can
be applied to various devices such as SOC (System on Chip),
MCP (Multi Chip Package) and POP (Package on Package)
and the like.

Further, transistors used for the invention are field-effect
transistors (FETs) including various transistors such as not
only MOS (Metal Oxide Semiconductor) transistors but also
MIS (Metal-Insulator Semiconductor) transistors, TFT (Thin
Film Transistor) and the like. Further, the device of the inven-
tion may include bipolar transistors. Furthermore, an N-chan-
nel type transistor (NMOS transistors) is a typical example of
a first conductive type transistor, and a P-channel type tran-
sistor (PMOS transistor) is a typical example of a second
conductive type transistor.

The invention can be applied to devices based on various
combinations or selections of the disclosure of the embodi-
ments. That is, the invention covers various modifications
which those skilled in the art can carry out in accordance with
all disclosures including claims and technical ideas.

The invention claimed is:

1. A method for accessing a DRAM having first and second
bit lines connected to a sense amplifier, the method compris-
ing:

inactivating an equalize transistor connected between the

first bit line and the second bit line;

inactivating a first dummy word line to disconnect a first

dummy memory cell from the first bit line;

activating a first word line to connect a first memory cell to

the first bit line;

activating the sense amplifier;

inactivating the first word line to disconnect the first

memory cell from the first bit line;
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activating the first dummy word line to connect the first

dummy memory cell to the first bit line;

inactivating the sense amplifier; and

activating the equalize transistor,

wherein a second dummy word line connected to a second

dummy memory cell remains activated to connect the
second dummy memory cell to the second bit line and a
second word line connected to a second memory cell
remains deactivated to disconnect the second memory
cell from the second bit line throughout the accessing.

2. The method as claimed in claim 1 wherein the first
memory cell, the second memory cell, the first dummy
memory cell, and the second dummy memory cell have the
same structure.

3. The method as claimed in claim 1 wherein the first
memory cell, the second memory cell, the first dummy
memory cell, and the second dummy memory cell comprise
NMOS transistors.

4. The method as claimed in claim 3 wherein the first word
line, the second word line, the first dummy word line, and the
second dummy word line are driven to a voltage higher than
a power supply voltage provided to the sense amplifier when
activated.

5. The method as claimed in claim 3 wherein the first word
line, the second word line, the first dummy word line, and the
second dummy word line are driven to a voltage lower than a
ground potential voltage provided to the sense amplifier when
inactivated.

6. The method as claimed in claim 1 wherein the equalize
transistor comprises an NMOS transistor.

7. The method as claimed in claim 6 wherein the equalize
transistor is driven to a voltage higher than a power supply
voltage provided to the sense amplifier when activated.

8. The method as claimed in claim 1 wherein the DRAM
further comprises a first precharge transistor connected
between the first bit line and an equalizing potential, and a
second precharge transistor connected between the second bit
line and the equalizing potential.
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